Origin of the bilateral structure of the supernova remnant G296.5+10 by Moranchel-Basurto, A. et al.
MNRAS 000, 1–9 (2017) Preprint 10 August 2018 Compiled using MNRAS LATEX style file v3.0
Origin of the bilateral structure of the supernova remnant
G296.5+10
A. Moranchel-Basurto 1,2?, P. F. Vela´zquez 2, E. Giacani 3,4, J. C. Toledo-Roy 5,
E. M. Schneiter 6,7, F. De Colle 2, and A. Esquivel 2.
1Escuela Superior de F´ısica y Matema´ticas, Instituto Polite´cnico Nacional, CP: 07738, Mexico City, Me´xico
2Instituto de Ciencias Nucleares, Universidad Nacional Auto´noma de Me´xico, CP: 04510, Mexico City, Me´xico
3 Universidad de Buenos Aires, Facultad de Arquitectura, Disen˜o y Urbanismo, Departamento de Disen˜o Industrial, CP: 1428,
Buenos Aires, Argentina
4 CONICET-Universidad de Buenos Aires, Instituto de Astronomı´a y F´ısica del Espacio (IAFE), CP: 1428, Buenos Aires, Argentina
5Centro de Ciencias de la Complejidad, Universidad Nacional Auto´noma de Me´xico, CP: 0410, Mexico City, Me´xico.
6Instituto de Astronomı´a Teo´rica y Experimental, CP: X5000BGR, Co´rdoba, Argentina
7Departamento de Materiales y Tecnolog´ıa, Universidad Nacional de Co´rdoba, CP: X5016GCA, Co´rdoba, Argentina.
Accepted XXX. Received YYY; in original form ZZZ
ABSTRACT
In the present work we have modeled the supernova remnant (SNR) G296.5+10, by
means of 3D magnetohydrodynamics (MHD) simulations. This remnant belongs to
the bilateral SNR group and has an additional striking feature: the rotation measure
(RM) in its eastern and western parts are very different. In order to explain both the
morphology observed in radio-continuum and the RM, we consider that the remnant
expands into a medium shaped by the superposition of the magnetic field of the
progenitor star with a constant Galactic magnetic field. We have also carried out a
polarization study from our MHD results, obtaining synthetic maps of the linearly
polarized intensity and the Stokes parameters. This study reveals that both the radio
morphology and the reported RM for G296.5+10 can be explained if the quasi-parallel
acceleration mechanism is taking place in the shock front of this remnant.
Key words: radiation mechanisms: non-thermal, ISM: supernova remnants, MHD,
methods: numerical, shockwaves
1 INTRODUCTION
Recently, the study of bilateral supernova remnants
(BSNRs, Gaensler 1998), also called ‘barrel-shaped’
(Kesteven & Caswell 1987) or ‘bipolar’ (Fulbright &
Reynolds 1990), has gained great interest since they have
proven to be a very useful tool when studying the config-
uration of the interstellar magnetic field (ISMF) within a
few parsecs around the SNR (Bocchino et al. 2011; Reynoso
et al. 2013; West et al. 2016). As suggested by their name,
the BSNRs are characterized by a clear axis of symmetry,
given by two bright arcs separated by a region of low surface
brightness.
In spite of the increasing interest in BSNRs, a satisfac-
tory and complete model that explains the observed mor-
phology and the origin of the asymmetries does not yet ex-
ist. Attempts to explain this morphology have focused on
two models: the equatorial belt model (quasi-perpendicular
? E-mail:amoranchelb0500@alumno.ipn.mx
mechanism of acceleration) and the polar cap model (quasi-
parallel mechanism). In the first model, the orientation of
the ISMF is perpendicular to the shock front normal, while
in the second model the orientation of the ISFM is parallel
to the shock front normal (Fulbright & Reynolds 1990).
The SN G296.5 + 10 remnant, also known as PKS
1209-51/52, is a member of the BSNR group. The radio-
continuum and the X-ray emissions present two opposite
bright arcs with their symmetry axis oriented almost per-
pendicular to the Galactic plane. This remnant has a radio
size of 90′ × 65′, and it is located at a distance of 2.1 kpc
(Giacani et al. 2000).
The bilateral radio morphology of G296.5+10 has been
explained by Orlando et al. (2007) as a product of the expan-
sion of the SNR into an interstellar medium (ISM) with a
gradient in either magnetic field or density. They presented
synthetic synchrotron maps considering both acceleration
mechanisms (see figures 6 and 7 of Orlando et al. 2007) and
concluded that the quasi-perpendicular mechanism is the
dominant.
Recently, West et al. (2016) carried out a survey of
c© 2017 The Authors
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Galactic bilateral SNRs that included the SNR G296.5+10.
They modeled the linearly polarized intensity and also came
up to the conclusion that the morphology of this remnant
can be explained by considering the quasi-perpendicular ac-
celeration mechanism.
The rotation measure (RM) of G296.5+10 has a striking
and interesting feature that could help constrain models. Its
eastern and western parts show large differences, as reported
by Harvey-Smith et al. (2010) (see also Whiteoak & Gard-
ner 1968; Dickel & Milne 1976), where the RM even shows
a change in sign. Harvey-Smith et al. (2010) suggested that
this asymmetry can be explained with an azimuthal mag-
netic field in the stellar wind of a red supergiant (RSG)
progenitor.
The aim of this paper is to find out, following the idea
of Harvey-Smith et al. (2010), whether the history of the
progenitor star could explain the observed RM and have
any influence on the morphology of SNR G296.5+10. Thus,
we have carried out MHD simulations modeling a supernova
remnant which expands into a medium which has been previ-
ously swept up by the wind of a RSG. For the magnetic field
we have considered two components: (1) the magnetic field
of the RSG star, and (2) a uniform component associated
with the Galactic magnetic field. From our MHD results, we
carried out a polarization study in order to determine which
acceleration mechanism of relativistic particles achieves a
better agreement with observations.
The present paper is structured as follows: section 2
describes the model and the techniques used to perform
the simulations. In section 3 we explain how synthetic ra-
dio maps were obtained from numerical results. Section 4
present the results, and finally in section 5 we discuss the
results and make the final remarks.
2 NUMERICAL MODEL
2.1 Code description
The numerical simulations were carried out with the paral-
lel 3D MHD code Mezcal (De Colle & Raga 2005, 2006).
In this code the shock propagation is modeled by numer-
ically solving the time-dependent ideal MHD equations of
mass (eq. 1), momentum and energy conservation (eq. 2 and
3) together with the induction equation (eq. 4) and a rate
equation (eq. 5) for the ionization of hydrogen. We employ
a 3D Cartesian coordinate system with a binary adaptive
mesh, and consider the cooling function Λ of De Colle &
Raga (2005) (see also, De Colle & Raga 2006). The afore-
mentioned equations are:
∂ρ
∂t
+∇ · (ρv) = 0 , (1)
∂ρv
∂t
+∇ · (ρvv + ptotI−BB) = 0 , (2)
∂e
∂t
+∇ · ((e+ ptot)v − (v ·B)B) = −n2Λ , (3)
∂B
∂t
+∇ · (vB−Bv) = 0 , (4)
∂nH0
∂t
+∇ · (nH0v) = nH+neα(T )− nH0neC(T ) , (5)
where ρ is the mass density, v is the velocity vector field,
ptot = pgas + B
2/2 is the (magnetic+thermal) total pres-
sure, I is the identity matrix, B is the magnetic field nor-
malized by
√
4pi, e is the total energy density defined as
e = pgas/(γ − 1) + ρv2/2 + ρB2/2 (where γ = 5/3 is the
adiabatic index), Λ(T ) is the cooling function, and T is the
temperature. In the last equation, nH0 , nH+ , and ne are the
neutral hydrogen, ionized hydrogen, and electron number
densities, respectively. α(T ) and C(T ) are the recombina-
tion and collisional ionization coefficients.
2.2 Effects of rotation and magnetic fields in the
wind of the progenitor star
Previous works have explored the evolution of a SNR in a
cavity generated by the progenitor stellar wind. For example
Dwarkadas (2007a) (see also Dwarkadas 2007b) studied the
formation of the stellar bubble following the evolution of the
progenitor, starting as an O-type star, passing through the
Super Red Giant phase and ending as a Wolf-Rayet star.
This study was carried out by means of 1D and 2D hydro-
dynamical simulations, considering the changes in the mass
loss rates and terminal velocity of the stellar wind in each
phase of evolution. These stellar winds generate different
shells, which after a time collide with each other. This in-
teraction produces a turbulent cavity, where the SNR ulti-
mately evolves. In the present work we have carried out a 3D
MHD simulation and, as a first approach to this problem,
we evolve the SNR in a medium which has been swept up
by the progenitor stellar wind, with an initial density pro-
file given by the free wind solution and spanning the whole
computational domain. This density distribution is imposed
before the passage of the SNR shock wave.
Then, we consider a spherical stellar wind with a con-
stant mass-loss rate M˙ and an asymptotic velocity Vsw. Mass
conservation implies that the number density n(r) of the
stellar wind cavity at a radius r from the center of the star
(where r lies outside the wind acceleration region) is given
by:
n(r) =
M˙
4pir2VswmH
, (6)
where mH is the mass of a hydrogen atom.
For a rotating magnetized star, the wind is channeled
by the magnetic field lines, since the plasma is frozen-in to
the field. Magnetic field lines leave the surface of the star
radially and rapidly wind up into a spiral shape at radii
greater than the maximum co-rotation radius. For a star of
radius rc with an equatorial rotational velocity vrot, and as-
suming symmetry above and below the equatorial plane, the
strength of the azimuthal component of the stellar magnetic
field Bϕ(r), for r  rc, (Garc´ıa-Segura et al. 1999) is1:
Bϕ(r) = Br(rc)
rc
r
vrot
Vsw
cos(δ) , (7)
1 The radial component is negligible with respect to the az-
imuthal component for r  rc.
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where δ is the latitude (measured with respect to the equa-
tor, the xz-plane), and Br(rc) is the magnetic field strength
on the star surface (r = rc).
Additionally, we considered a constant component for
the Galactic magnetic field BG. Thus, the total initial mag-
netic field B0 is the vectorial composition of BG and Bϕ,
i.e. B0 = BG + Bϕ.
Two configurations for BG were used depending on
which particle acceleration process is assumed to be domi-
nant. For the quasi-perpendicular case, BG is along the y-
direction, while for the quasi-parallel case it is directed along
the x-direction (see Figure 1).
As an ad hoc assumption, the magnitude of BG was
chosen such that BG ' Bϕ 20 pc away from the center of
the SNR (the physical size of the SNR)2,
Finally, we observe that the so-called “quasi-
perpendicular case” would actually result in a total field
with a spiral-like pattern, while in the so-called “quasi-
parallel case” the vectorial combination of azimuthal plus
uniform field would lead to a distorted azimuthal field, with
a stronger total field to one side (doubling at 20 pc) and a
weaker one to the other side (vanishing at 20 pc).
2.3 Initial Setup
The supernova explosion was initialized by the deposition of
an energy E0 = 5 × 1050 erg (a typical value for a type II
SN explosion) in a sphere of radius r0 = 1.3 pc, containing
a total mass of 2.5 M, located at the center of the compu-
tational domain. The remnant expands into the progenitor
stellar wind, characterized by a mass-loss rate M˙ = 10−5
M yr−1 and Vsw = 15 km s−1. The parameters of the az-
imuthal magnetic field (see Eq. 7) were rc = 6.8× 10−6 pc,
vrot = 0.07 Vsw, and Br(rc) = 300 G. The 3D computational
domain is a cube with a physical size of 70 pc per side, with
a resolution of ∼ 0.14 pc at the highest level of refinement.
We follow the expansion of the remnant until an integration
time of 8000 yr.
2.4 The turbulent background
In order to simulate the expansion of the SNR in a more
realistic environment, we introduced turbulent-like pertur-
bations in the magnetic field. This perturbation has a 3D
power spectrum that is consistent with a Kolmogorov type
cascade, given by (Jokipii 1987; Yu et al. 2015; Fang et al.
2014):
P ∝ 1
1 + (kLc)11/3
. (8)
A coherence length of Lc = 3 pc was assumed, with the
wavenumber k = 2pi
L
obtained by varying L from ∆x (the
size of a computational cell) to Lsim (the size of the compu-
tational domain). Also, Nm = 900 wave modes were consid-
ered in order to simulate an isotropic turbulent medium.
The initial magnetic field configuration for each point
of the computational domain (x, y, z) is given by:
B(x, y, z) = B0(x, y, z) + δB(x, y, z) , (9)
2 In this way, both magnetic field components would have the
same contribution to the synchrotron emission.
SNR
~BG ~BG
~Bϕ ~Bϕ
x
y
(a) Quasi-parallel case
SNR
~BG ~BG
~Bϕ ~Bϕ
x
y
(b) Quasi-perpendicular case
Figure 1: Diagram of the magnetic field configurations em-
ployed in our simulations. Blue arrows indicate the orienta-
tion of the Galactic magnetic field. The orientation of the
azimuthal component of the progenitor magnetic field is in-
dicated by the green vectors coming into and out of the
page.
where B0(x, y, z) is the total unperturbed magnetic field.
The magnetic field perturbation δB(x, y, z) is given by (Yu
et al. 2015; Vela´zquez et al. 2017):
δB(x, y, z) = <
[
Nm∑
n=1
A(kn)(cosαnxˆ
′ + i sinαnyˆ
′)eiknz
′
n
]
,
(10)
wherex′y′
z′
 =
cos θn cosφn cos θn sinφn − sin θn− sinφn cosφn 0
sin θn cosφn sin θn sinφn cos θn
xy
z

where θn and φn represent the direction of propagation of
the wave mode n which a wave number kn and polarization
αn.
The amplitude A(kn) in Eq.(10) is given by:
A(kn) = σ
2
B
∆Vn
1 + (knLc)11/3
Nm∑
n=1
[
∆Vn
1 + (knLc)11/3
]−1
, (11)
where σ2B is the wave variance of the magnetic field (σ
2
B =
(0.25BG)
2 in this work), and the normalization factor ∆Vn is
given by ∆Vn = 4pik
2
n∆kn. The wave numbers kn are spaced
logarithmically so that ∆kn/kn remains constant (Giacalone
& Jokipii 2007).
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3 SYNTHETIC MAPS
3.1 Synchrotron emission
We estimated the radio emission from the remnant, as-
suming that it is due to synchrotron radiation from rela-
tivistic electrons, with a power law spectrum distribution
N(E) = KE−ξ where E is the electron energy, N(E) is the
number of electrons per unit volume with arbitrary direc-
tions of motion and with energies in the interval [E,E+dE],
K is the normalization of the electron distribution, and ξ is
the power law index. Following Jun & Norman (1996a) (and
references therein), the radio emissivity is calculated for each
cell in the computational domain (xi, yi, zi) as:
i(xi, yi, zi, ν) = C1 K p
2αρ1−2αBα+1⊥ ν
−α , (12)
where C1 is a constant which is assumed to be 1
3, p is the gas
pressure, ρ is the density of the gas, B⊥ is the component of
the magnetic field perpendicular to the line-of-sight (LoS),
ν is the frequency of the radiation, and α = (ξ− 1)/2 is the
synchrotron spectral index. We do not evolve the relativistic
electron population, but rather assume a constant spectral
index with a value of 0.5 (Milne & Haynes 1994). Eq.(12)
was obtained considering that the density and the energy of
the relativistic particles are constant fractions of the density
and thermal energy of the gas. On the other hand, in this
work we have considered that the coefficient K includes the
dependence on the obliquity angle ΘBs, being either propor-
tional to sin2(ΘBs), for the quasi-perpendicular case, or to
cos2 (ΘBs), for the quasi-parallel case (Fulbright & Reynolds
1990). The angle ΘBs is the angle between the shock normal
and the post-shock magnetic field.
3.2 Faraday Rotation
When polarized electromagnetic radiation propagates
through a magnetized ionized medium its electric field vec-
tor is rotated an angle which depends on the square of the
wavelength and the path integral of the electron-weighted
LoS magnetic field strength. This effect is called Faraday
Rotation. The angle of rotation is ∆χ = RM λ2, where the
RM is defined as (Rohlfs & Wilson 2000):
RM = 0.81
∫ observer
source
neB‖dzi rad m
−2 , (13)
where B‖ is the LoS component of the magnetic field
strength in µG, ne is the electron density in cm
−3, and dzi
is measured in pc.
3.3 Stokes parameters
To characterize the intensity and the state of polarization
of the synchrotron radiation, we make use of the Stokes pa-
rameters. In this work, we obtain the synthetic maps for
the Stokes Parameters Q and U by means of the following
3 In this work we are interested in carrying out a qualitative
analysis of the synchrotron emission, i.e. we do not expect to
reproduce the full quantitative synchrotron flux of this object.
expressions (see Clarke et al. 1989; Jun & Norman 1996b;
Ce´cere et al. 2016):
Q(xi, yi, ν) =
∫
LoS
f0i(xi, yi, zi, ν) cos(2φ(xi, yi, zi))dzi ,
(14)
U(xi, yi, ν) =
∫
LoS
f0i(xi, yi, zi, ν) sin(2φ(xi, yi, zi))dzi ,
(15)
where (xi, yi) are the coordinates on the plane of the sky
(or image plane), and zi is the coordinate along the LoS,
φ(xi, yi, zi) is the position angle of the local electric field on
the plane of the sky, and f0 is the degree of linear polariza-
tion, which is a function of the spectral index α:
f0 =
α+ 1
α+ 5
3
. (16)
The angle φ(xi, yi, zi) is obtained from the position an-
gle of the local magnetic field φB(xi, yi, zi), which is directly
known from MHD simulations. To compare with the obser-
vational data, we follow the inverse process: the magnetic
field was rotated clockwise 90◦ and then we performed the
inverse Faraday correction, i.e. the argument φ(s) in the eqs.
(14) and (15) was replaced by φB(xi, yi, zi)− pi2 +∆χF where
∆χF is the Faraday Rotation correction:
∆χF =
RM
1 rad m−2
(
λ
1 m
)2
, (17)
where λ is the observed wavelength (in units of m). For the
case of SNR G296.5 + 10, Harvey-Smith et al. (2010) found
that this remnant has a highly ordered RM structure with
an average RM of +28 rad m−2 on the eastern side, and a
RM of −14 rad m−2 on the western side. With these values
and using Eq. (17) we obtained a correction angle due to
Faraday Rotation of 1.32 rad or 75.4◦ for the eastern part
of the remnant (the left half of the remnant in the synthetic
maps), and −0.66 rad or −37.7◦ for the western side (the
right half in the synthetic maps), for an observed wavelength
λ of 0.21 m.
Finally, the linearly polarized intensity and the posi-
tion angle of the intrinsic magnetic field are given by the
following expressions:
Ip(xi, yi, ν) =
√
Q(xi, yi, ν)2 + U(xi, yi, ν)2, (18)
and
χB(xi, yi) =
1
2
arctan
(
UB(xi, yi, ν)
QB(xi, yi, ν)
)
(19)
where QB(xi, yi, ν) and UB(xi, yi, ν) were calculated by re-
placing φ(xi, yi, zi) by φB(xi, yi, zi) in Eqs.(14) and (15).
The position angle χB (Eq. 19) only gives the direction of
the magnetic field, it does not fully specify its orientation,
i.e. the magnetic field in the plane of the sky is defined only
up to ±pi.
4 RESULTS
To compare our simulations with the observations, we repro-
cessed ATCA archival data of G296.5+10 at 1.4 GHz. These
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Figure 2: Synthetic maps of the linearly polarized emission, at different rotation angles (with respect to the x− and y− axes,
which are indicated on the top right corner of each panel, in units of degrees), obtained for the quasi-perpendicular case. The
color scale gives the normalized flux. Both axis are given in units of pc.
data were obtained during three sessions (of 13 hours each)
on October 8-10, 1998, through a 109 pointings mosaic, and
with them we obtained the I, Q, U, and V Stokes parame-
ters. The source PKS B1934-638 was used for primary flux
density, polarization leakage and bandpass calibration, while
PKS B1215-457 was used to calibrate the phases. All data
reduction and calibration was carried out using the miriad
package following standard procedures.
Figure 2 displays a comparison between synthetic maps
of the linearly polarized emission obtained for the quasi-
perpendicular case. These maps were obtained after consid-
ering different rotations with respect to the x- and y-axes.
It is important to note that these rotations only change the
viewing angle, not the intrinsic geometry. The rotations with
respect to the x- and y-axes, respectively, are indicated in
the top right corner of each panel). Panel (a) displays a
morphology which disagrees with the observed one (Harvey-
Smith et al. 2010) because it exhibits a strong central emis-
sion in addition to two bright and opposite arcs. This strong
central emission is mainly due to the Bϕ component of the
field which has been swept up by the SNR shock wave. This
emission is coming from the parts of the SNR shock front
that are moving towards and away from us. The bright arcs
are mainly due to the BG component which was compressed
by the SNR shock wave. Panels (b), (c), and (d) show only
one bright arc, which is located on the right for panels (b)
and (c), while for panel (d) this arc is on the left.
In Figure 3 we compare the linearly polarized emission
for the quasi-parallel case, obtained with the same orien-
tation as Figure 2. In this case all panels show a clumpy
structure. In panel (b), a bright arc is observed to the left,
while panels (c) and (d) show two opposite bright arcs. Panel
(c) displays a morphology that is closer to the observed one
(Harvey-Smith et al. 2010).
In Figures 2 and 3 we observe that in the quasi-parallel
case the angle of rotation along the x-axis determines the
displacement in the vertical direction of the two bright arcs,
while the angle of rotation along the y-axis determines the
relative brightness of the two arcs. On the other hand, in the
quasi-perpendicular case the angle of rotation along the x-
axis determines the relative brightness of the two arcs, and
the rotation angle along the y-axis has a very little effect on
the synchrotron emission.
Figure 4 shows a comparison between intensities of
the linearly polarized emission obtained from observations
(panel a) and from numerical simulations for the quasi-
parallel (panel b) and quasi-perpendicular (panel c) cases.
We obtained the synthetic polarized intensity maps from
MNRAS 000, 1–9 (2017)
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Figure 3: Same as Figure 2 but for the quasi-parallel case.
our numerical simulation by employing Eqs.(14)-(18). Com-
paring the synthetic maps (see Figures 2 and 3) with the
radio image at 1.4 GHz, we determined that the best re-
sults are obtained by rotating the computational domain
by 40◦ around the x-axis and 5◦ around the y-axis for the
quasi-parallel case, while for the quasi-perpendicular case
the rotation were −40◦ and 5◦ around x− and y− axes,
respectively. As we can see the different particle injection
models produce images that differ considerably from each
other in appearance. A clear bilateral morphology with two
bright arcs of emission to the left and right is obtained for
the quasi-parallel case, in agreement with observations. In-
stead, the synthetic quasi-perpendicular map shows only a
bright arc on the left.
Figure 5 shows a comparison of the Stokes parameter
Q for the observed image (panel a) and the synthetic maps
corresponding to the quasi-parallel (panel b) and quasi-
perpendicular (panel c) cases. These maps were computed
considering the ∆χF obtained from the RM values reported
by Harvey-Smith et al. (2010), which have opposite signs
for the Eastern and Western sides of the remnant. As was
mentioned in subsection 3.3, for the left half of the synthetic
map we have used a ∆χF = 75.4
◦, while a ∆χF = −37.7◦
was employed for the right half of the simulated SNR. This
produces the artificial left/right discontinuity seen in pan-
els (b) and (c). Both synthetic Q maps achieve a reasonable
agreement with the observational Q image.
Synthethic RM maps were also constructed for both
cases and they are displayed in Figure 6. Both maps show
a positive RM in the East side and negative in the West
side. However, the RM map obtained for the quasi-parallel
case is in better agreement (taking into account the observa-
tional errors) with previous observational works (Whiteoak
& Gardner 1968; Harvey-Smith et al. 2010). Note that these
maps show the intrinsic RM. Bandiera & Petruk (2016) have
analyzed the influence of the intrinsic RM on both the Stokes
parameter Q maps and the distribution of the magnetic field
position angle. However, in our work the main objective is to
do a direct comparison with the observations. Thus synthetic
Stokes parameter Q maps must be corrected by the total
RM, which is composed of the intrinsic RM and that due to
B‖ of the medium between the source and us. For this reason
we employ the RM reported by observations (Harvey-Smith
et al. 2010) for the construction of the synthetic Stokes pa-
rameter Q maps shown in Figure 5.
Finally, we compute the intrinsic orientation of the pro-
jected magnetic vector on the plane of the sky for both
the quasi-parallel and the quasi-perpendicular cases. To do
this, we employed the position angle given by Equation (19)
and oriented the map by following the conventional orienta-
tion, i.e. North pointing to up (yˆ) and East pointing to the
left (−xˆ). Then, for each point on the plane of the sky, we
used the following equation to obtain the projected magnetic
MNRAS 000, 1–9 (2017)
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Figure 4: Comparison between the observed (panel a) and
the synthetic maps of the linearly polarized intensity (panel
b and c, corresponding to the quasi-parallel and the quasi-
perpendicular cases, respectively). The axes are given in
units of pc.
Figure 5: Comparison between observations (a) and the syn-
thetic Stokes parameters Q for the quasi-parallel (b) and
quasi-perpendicular (c) cases. The axes are shown in par-
secs.
MNRAS 000, 1–9 (2017)
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Figure 6: Rotation measure for the (a) quasi-parallel and (b)
quasi-perpendicular cases. The color scale is given in units
of rad m−2
field:
Bpos(xi, yi) = − sin(χB(xi, yi))xˆ+ cos(χB(xi, yi))yˆ . (20)
Figure 7 displays the magnetic field distribution for the
quasi-parallel and quasi-perpendicular cases (panels a and
b, respectively). The black lines represent the orientation of
the magnetic field with their lenght scaled with the linearly
polarized intensity. We can see that the quasi-parallel case is
in better agreement with observational results reported by
Whiteoak & Gardner (1968), who found a tangential orien-
tation of the intrinsic magnetic field around the bright edges
of the SNR by analyzing 1.4 GHz and 2.7 GHz data. The
same result was obtained by Milne & Haynes (1994), who
presented intensity and polarization maps at 2.4, 4.8, and
8.4 GHz. It is important to note that for the quasi-parallel
case model, there is not a significant radial component of
the magnetic field (see Figure 7a), such as it was observed
and reported for the SN 1006 (Reynoso et al. 2013; Schneiter
et al. 2015; Vela´zquez et al. 2017). The main reason for this
is the fact that the azimuthal component from the progeni-
Figure 7: Distribution of the intrinsic magnetic field (black
lines) superimposed on the linearly polarized emission map
(normalized to its maximum) for the (a) quasi-parallel and
(b) quasi-perpendicular cases.
tor’s wind dominates the region of emission, after been swept
up by the SNR shock wave.
5 DISCUSSION AND CONCLUSIONS
The synchrotron radio emission of the bilateral supernova
remnant G296.5 + 10 was compared with results obtained
from MHD simulations. For the magnetic field we consid-
ered two components: (1) the magnetic field of the progeni-
tor (considering the hypothesis presented by Harvey-Smith
et al. 2010), and (2) a uniform Galactic magnetic field. Two
scenarios were considered for the acceleration mechanism of
the relativistic particles: the quasi-parallel and the quasi-
perpendicular one.
A polarization study of the synchrotron emission was
carried out from the numerical results, from which we ob-
tained synthetic maps of the linearly polarized emission, the
MNRAS 000, 1–9 (2017)
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Stokes parameter Q, the distribution of the intrinsic mag-
netic field projected in the plane of the sky and the rotation
measure. These maps were compared with the corresponding
observations at a frequency of 1.4 GHz. As a result of this
comparison we found that the quasi-parallel case is more ad-
equate for reproducing the linearly polarized intensity, the
synthetic RM maps (yielding values similar to those reported
by Harvey-Smith et al. 2010), and the magnetic field (pro-
jected on the plane of the sky) distribution, while the Q
maps are very similar for both acceleration mechanisms.
It is important to note that the analysis of Q parameter
maps shown to be a useful tool to discriminate the accelera-
tion mechanism taking place in the SNR shock for the case
of the SN 1006 (Schneiter et al. 2015). For this remmant it
was assumed that this object expands into an ISM with an
almost uniform magnetic field.
The present work however shows that the distribution of
the Q parameter does not appear to be a determining factor
in settling which acceleration mechanism is responsible for
the linearly polarized emission. Our study rather shows that
for a more complex magnetic field configuration (such as
that used in the case of SNR G296.5+10), a joint analysis
including the linearly polarized emission, the distribution of
Q, and the magnetic field in the plane of the sky must be
performed in order to discern between the quasi-parallel and
the quasi-perpendicular mechanisms.
We must highlight that our results differ from those
reported by West et al. (2016) and Orlando et al. (2007)
for the case of this remnant. A possible explanation of this
discrepancy could be attributed to the fact that these au-
thors only considered the Galactic component of the mag-
netic field, while we also included the azimuthal component
of the magnetic field of the progenitor.
In summary, we found that the quasi-parallel mecha-
nism produces a significantly better fit to the observed lin-
early polarized intensity, the Stokes parameter Q maps, the
magnetic field distribution in the plane of the sky, and the
RM values. Our results are compatible with a scenario in
which the SNR expands in a surrounding medium where the
magnetic field is the sum of the uniform Galactic field and
the azimuthal component of the magnetic field due to the
progenitor star, as suggested by Harvey-Smith et al. (2010).
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